A proximity effect in arene ^-complex formation from the reaction system of an aryl G r i g n a r d reagent and anhydrous chromic chloride was investigated. The yields of arene ^-complexes and any accompanying reaction products were compared by the systematic variation of the aryl Grignard reagent employed. Phenyl G r i g n a r d gave the best yield of jr-complex followed by the benzyl, mesityl and /5-ethyl phenyl analogues. The styryl and phenylacetylenyl analogues did not form any ^-complexes.
A m echanism for the form ation of an arene Jicom plex from the reaction of an aryl Grignard reag en t and a transition m etal halide has been re p o rted to involve the initial form ation of a sigm a bonded in te rm e d ia te 3. Indeed, dibenzene, benzenebiphenyl, and dibiphenyl chrom ium com plexes have been p rep a re d directly from phenylm agnesium b ro m ide and chrom ic chloride in te trah y d ro fu ran with o r w ithout the isolation of a stable sigm a bonded triphenyl-chrom ium trite trah y d ro fu ran a te interm ediate. It is fu rth e r postulated that the o-bonded in te r m ediate undergoes hom olytic cleavage to give a rad ical arene capable of having its pi electrons in teract w ith the unoccupied d orbitals of the newly form ed zero valent tran sitio n m etal atom to form an aren e Jr-complex. As a result thereof, one aspect of successful ^-com plex fo rm atio n m ay logically involve the distance between the arene and the tran sitio n m etal atom . W e have designated this as a p ro x im ity effect in arene ^-com plex form ation. As show n in table I, the investigation began w ith the form ation of dibenzene chrom ium in 30% yield from the reaction of phenylm agnesium bro m id e and chro mic chloride. T his reaction represents the sim plest condition w here the arene is directly bound to the tran sitio n m etal. As was an ticip ated , dibenzene chro m ium was produced in the highest yield and was used as a com parison sta n d ard .
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6. The insertion of one carbon atom between the arene and the tran sitio n m etal atom was sim ulated by the reaction of benzylm agnesium chloride and chrom ic chloride. A new Ji-com plex salt, rr-bibenzyl Ji-toluene chrom ium iodide was isolated in a p p ro x i m ately 10% yield, along w ith toluene, bibenzyl and trans-stilbene. A decrease in yield from 30% to 10% is not as severe a drop as one m ight expect from insertion of a carbon atom in view of the fact th at com plex form ation results from the interactio n of pi electrons and m etal d orbitals. H ow ever, a closer exam ination of m olecular m odels reveals th at some degree of favorable orien tatio n m ay have developed. As show n in Fig. 1 a, the bond angles m ade by the chrom ium atom and the phenyl carbon are a p p ro x i m ately 109° as expected fro m the sp3-orbital h y b ri dization of the benzyl carbon atom . T hus, the arene ;r-complex cloud m ay possess some favorable p ro x i m ity to the chrom ium atom upon hom olytic cleavage and com plex form ation. In addition, F ig. 1 b de m onstrates that some degree of resonance m ay exist between the .'T-cloud of the arom atic rin g and the electron of the m ethylene group which serves to prom ote com plex form ation w ith the m etal atom .
(a) C ontinuing the study, two carbons w ere inserted between the arene and the m etal atom by the re action of a /9-phenyl ethylm agnesium brom ide and chrom ic chloride. O nly a trace of Ji-com plex, which escaped characterization, was detected. The coupled p roduct 1,4 diphenyl butane, predom inated. These results sup p o rt the predicted influence of proxim ity. As suggested by the benzyl analogue, extension of the rr-cloud via resonance m ay prove to be an as sistance to com plex form ation. H ence, we investi gated the effect of intro d u cin g olefinic pi electrons between the arene and the m etal. It m ay be a n ti cipated th at the presence of such olefin pi electrons m ay, even in a tran sito ry fashion, influence su b sequent interactions between the arene 7r-cloud and the m etal d orbitals. W hen /?-styrylm agnesium b ro m ide was reacted w ith chromic chloride, how ever, no ^-com plex was detected and a polym er co n tain ing a trace of m etal as well as some coupled p ro d u ct 1,4-diphenyl-1,3-butadiene was obtained. It is reasoned th at any /?-styryI radicals produced induce polym erization very readily and dom inate the course of reaction. F inally, reacting /9-phenyl ethynylm agnesium brom ide and chrom ic chloride, no ncom plex was isolated. The m a jo r p ro d u ct resulted from a coupling reaction giving 1,4 diphenyl -1,3-butadiene.
It should be noted that the results of the reaction of m esitylm agnesium b rom ide and chromic chloride are included in T able I. It fu rth er serves to d em onstrate the effect of p roxim ity by the in tro duction of bulky m ethyl groups. In spite of the fact th at the aren e is directly bound to the m etal in the sigm a bonded interm ediate (the dim esityl analogues are isolatable) there is a significant decrease in yield from 30% to only 5 p er cent. Certainly, it is ex pected th at sterric factors lim it the p ro x im ity of arene to m etal.
As indicated, rc-dibenzyl rc-toluene chrom ium iodide (1 4 2° -144 °C ., dec.) is a new com plex and, therefore, was rigidly characterized in the fol low ing m anner. Pyrolysis of the com plex iodide gave a sem i-solid pro d u ct which was identified as a 1:1 m ixture of toluene and bibenzyl recovered from p rep arativ e gas chrom atography. This fact was v eri fied by com parison w ith authentic p u re sam ples and sim ple m ixtures. The elem ental analysis c o rre sponded acceptably to C2iH 22C rI, jr-bibenzyl, ntoluene chrom ium iodide 4. The presence of toluene, bibenzyl, an d f-stilbene was clearly verified by b oth colum n and gas chrom atography to be the accom pan y in g reaction products. The form ation of transstilbene was not expected even though a n u m b er of exam ples of a-hydrogen elim ination reactions have been observed upon the decom position of alkyl 4 During our preliminary report and this publication, it was reported that slightly different conditions gave a n-2-benzyltoluene-^-toluene-diromium complex plus 2-benzyl toluene as the major reaction products. Under our reaction conditions, the course has been firmly established as pre sented here: F. G l o c k l i n g , R. P. A. eth erate (2a) m ay result in the form ation of a o-bond betw een two ad jacen t a-carbon atom s (2b) fo rm in g bibenzyl and an active radical chrom ium m etal atom (2c) which has been know n to posses a stro n g dehydrogenation p o w e r6. Consequently, the active chrom ium m ay dehydrogenate the a-hydrogen atom s of bibenzyl to form stilbene (2d) which eventually isom erizes to the trans fo rm by in teractio n of the ethylene 7i-system an d the 3d orb itals of the chrom ium atom ( 2 e ) . Such an isom erization of an olefin by yi-complex fo rm ation has been rep orted 6. T his dehydrogenation reactio n was also exam ined using nickelous and cu p ric chloride u n d er the sam e reaction conditions. D ehy d rogenation, form ation of frans-stilbene, was observed in the reactio n of nickelous halide, but not in the reaction of cupric chloride. The m etal de hy d ro g en atio n pow er is expected to decrease from chrom ium to nickel 6 to copper.
To sum m arize, a predicted effect of proxim ity on the yield of aren e Jr-complexes has been supported fro m the results of reacting various aryl G r i g n a r d reagents w ith a tran sitio n m etal halide. The sim ple phenyl analogue gave the highest yield followed by the benzyl, m esityl, and ß-eth y\ phenyl analogues. The styryl an d phenylacetylenyl analogues gave no com plex w hile polym erization dom inated the course of reactio n totally obscuring any olefinic assistance to arene Tr-complex form ation.
Experimental
G. E. lamp grade nitrogen was used in all experi ments. Microanalyses were performed by Schwarzkopf Microanalytical Laboratories, New York, N. Y. Melting points were determined on a Kofler hot stage ap paratus. Gas chromatographic analyses were made in an F and M Model 810 Research Chromatograph using a 4 ft. copper preparative column with LS 422 silastic flourinated silicon gum packing.
Reaction of Benzylmagnesium Chloride and Chromic Chloride
To 4.71 g. (0.03 moles) of flame dried and nitrogen flushed chromic chloride was added 100 ml. of freshly distilled ethyl ether. The suspension was chilled to dry ice-acetone bath tem perature and 0.09 moles of freshly prepared benzylmagnesium chloride was added under nitrogen with good stirring. (0.1 mole of the Grign a r d reagent was hydroyzed at 0° and the ether layer separated and dried over sodium sulfate. Toluene was the m ajor product and a small amount of bibenzyl and unidentified materials were detected.)
The reaction m ixture was allowed to come slowly to room tem perature. The brown-black mixture was chilled below 0° and hydrolyzed cautiously with icewater. A total of 250 ml. of water was used to extract the complex from the chromium salts and hydrocarbon residue. The hydrolyzed m ixture was filtered and a con centrated water solution of potassium iodide was added to the clear yellow filtrate. A fter standing for several days, orange yellow macro crystals of Tr-bibenzyl-jitoluene chromium iodide were noted; upon concentra tion of the water extract a total of 1. This 7r-complex iodide can be converted to the tetraphenylborate by the following procedure. To a solution of 0.3 g. of the jr-complex iodide a water solution of sodium tetraphenylboronate was added until no further precipitation of the Ji-complex salt was observed. The precipitate was collected by filtration and was thoroughly washed by water and was recrystallized from acetone m.p. 188° (dec.). The ether layer was dried with sodium sulfate and concentrated under reduced pressure to a slightly amber oily liquid. The concentrate was chromato graphed on a neutral A120 3 column and eluted with pentane, 10% CHCl3-pentane, 20% CHCl3-pentane, 50% CHCl3-pentane, CHC13 , and 50% MeOH -CHC13 re spectively. A small liquid fraction (later shown to be toluene preceded the elution of bibenzyl (m.p. 50 -51°, yield 18.2%) and i-stilbene (m.p. 118 -120° unrecryst., yield 2.7%) both of which were identified bymixed m.p. and I.R. absorption. The elutions with CHC13 and CHC13 -MeOH gave a very small quantity of complex. Components of the oily liquid from the ether layer were also examined by gas chromatography. Presence of toluene, f-stilbene and bibenzyl in the oily liquid were identified.
Pyrolysis of n-Bibenzyl-n-Toluene Chromium Iodide
The ^-complex (0.500 g.) was heated at 200° and 10-1 mm. Volatile materials were collected on a cold trap. Toluene and bibenzyl were isolated as the two components in the pyrolyzate by preparative gas chro matography and identified by comparison of their I.R. spectrum with authentic samples. The ratio of toluene to bibenzyl was 1:1. Other extremely small peaks near the bibenzyl peak showed the presence of a negligable amount of unidentified materials.
Reaction of Nickelous and Cupric Chloride with Benzylmagnesium Chloride
The initial reaction was conducted as above. How ever, the entire hydroyzed reaction mixture was ex tracted with ether and worked up as described. Toluene, bibenzyl, and i-stilbene were isolated from the nickelous chloride reaction but only toluene and bibenzyl were isolated from the cupric chloride reaction.
Reaction of Chromic Chloride and Mesitylmagnesium Bromide in Ether
Dried and distilled ethyl ether (430 ml.) was added under nitrogen to flame dried chromic chloride (6.32 g., 0.04 m oles). The suspension was chilled to -70° under nitrogen with stirring. Mesitylmagnesium bromide (0.12 mole) was added dropwise. The suspension was allowed to come to room tem perature and stirred for an additional 36 hours. Ether was removed under vacuum and the dried solids (black) chilled below 0° and hy drolyzed in portions with vigorous stirring. The first two of four 200 ml. water extracts (all treated with a saturated solution of sodium tetraphenolboronate) gave 7r-dimesitylene chromium tetraphenylborate7 in ap proximately 3% yield. The I.R. spectra of this com pound was compared with an authentic sample of crc-dimesitylene chromium tetraphenylboronate prepared by the F i s c h e r m ethod8. The latter two extracts gave a mixture of 7i-complexes (di-mesitylene, mesitylene bimesityl and traces of di-bimesityl chromium tetra phenylboronate) in a total of 1% yield. The residue was allowed to dry overnight and ex tracted with 250 ml. portions of chloroform. The com bined chloroform extract (yellow-amber, still contained some Ji-complex) was reduced in volume and chromato graphed on 75 g. of neutral Woelm aluminium oxide. Elution in pentane gave bimesityl (recrystallized m.p. 99°) and mesitylene. Elution with 8 0 :2 0 pentanechloroform gave mesitol, identified by infra-red ab sorption and mixed melting point (recrystallized m.p. 6 7 -6 8°) 9.
Anal Found: C, 79. 
Reaction of ß-Phenyl Ethylmagnesium Chloride and
Chromic Chloride /9-Phenyl ethylmagnesium chloride (0.16 moles) and 8.0 g. of chromic chloride (0.05 moles) in 150 ml. of ether were reacted. A very small amount of a golden orange material (most likely a ^-complex, but which could not be characterized) was isolated from the water layer after hydrolysis. An oily material was extracted with ether from the hydrolzyed residue, principally identified as the coupled product 1,4 diphenylbutane.
Reaction of ß-Styrylmagnesium Bromide and Chromic
Chloride yS-Styrylmagnesium bromide (0.1 mole) and 4.71 g. of chromic chloride (0.03 moles) in 150 ml. of ethyl ether were reacted. Ether extraction of the hydrolyzed product gave 1,4-diphenyl, 1,3-butadiene m.p. 152°, identified by mixed melting point and infra-red ab sorption compared with an authentic sample. An orange colored water insoluble and benzene soluble m aterial
In the present experiment reacting mesityl magnesium bromide plus chromic chloride (in THF or ether) mesitol, mesitylene, and bimesityl were found. Parallel results were obtained whether the hydrolysis was performed with water in air or with oxygen free water under nitrogen. Varying the conditions of hydrolysis substantially minimizes, if it does not completely eliminate, the possibility of oxygenproducing radicals reacting with the G r i g n a r d reagent to produce mesitol. The evidence supports the mechanism which states that, when an arene radical ?r-complex is hy drolyzed, it picks up a hydrogen radical from water and the resulting hydroxide radical attacks an aryl radical which is liberated during the rearrangement thus forming a phenol.
(probably a polymer of styrene) containing only a trace amount of chromium was also isolated.
Reaction of ß-Phenyl Ethynylmagnesium Bromide with
Chromic Chloride 
